Introduction
The Swiss Plateau, located between the mountains of the Alps and the Jura, is a large, densely populated and industrialized valley (Figure 1 ). The topography restricts ventilation and stimulates the development of summer smog episodes. Surface ozone levels exceed regularly the air quality standard (62 ppb, allowed to be exceeded once an hour within a year). In 1989 a coordinated research effort was started to investigate ozone formation over the Swiss Plateau. The program POLLUMET (pollution and meteorology) was centered around several intensive observation periods (IOPs) in the summer months. The objective of the IOPs was to identify the processes regulating ozone concentrations.
Ozone is produced rapidly in polluted air by photochemical oxidation of volatile organic compounds (VOC) in the presence of nitrogen oxides (NOx = NO + NO2). The production may be limited by the availability of NOx (low-NO• regime) or VOCs (high-NO• regime). One of the key questions related to the occurrence of high-ozone episodes over the Swiss Plateau is whether ozone production is VOC or NO• limited. Photochemical model calculations by Kleinman [1986, 1991] indicate that peroxides represent a sensitive indicator of low-versus high-NO• regime. Therefore concurrent measurements of 03, H202, and NO 2 concentrations should help to determine the regime for 03 production.
In this study we present measurements of 03, H202, NO2
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0148-0227/95/94JD-03124505.00 concentrations, and meteorological parameters over the Swiss Plateau from the surface through the mixed layer to the troposphere above the boundary layer. Airborne measurements were made with a manned balloon and a motor glider. The observations are interpreted using photochemical models to determine the regime for 03 production.
Chemistry
The atmospheric oxidation of hydrocarbons (RH) produces ozone in the presence of NOx:
RH + OH + O2--• RO2 + H20 (R1) RO2 + NO + O2-• NO2 + HO2 + R'CHO (R2) HO2 + NO-• NO2 + OH (R3)

NO2 + hv--• NO + O(3p) (R4) O(3p) + O2 + M--• 03 + M (R5)
The mechanism requires the presence of HOx radicals (OH + HO2). The major sources of these radicals are the 
POLLUMET Field Campaigns
Two field studies were conducted in the summer of 1990 (June, July) and 1991 (July, August). There were two types of measurements: (1) routine measurements taken throughout the 2-month period and (2) additional measurements during the 2-to 5-day intensive observation periods (IOP90 from July 23 to July 30, 1990, and IOP91 from July 9 to 11, 1991). Routine data included the Automatic Network of Weather Stations (ANETZ and ENET) and the surface air chemical monitoring network operated by the Swiss federal and cantonal authorities. The IOPs included additional measurements at the Schfipberg ground station, which is situated on a hill in the central part of the Swiss Plateau (see Figure   1 ), and airborne measurements with a manned balloon in 1990 and with a motor glider in 1991. Table 1 lists the  instrumentation aboard the balloon and the motor glider. IOP90 was timed at the end of a 2-week-long anticyclonic situation and encompassed the Swiss Plateau from the Lake of Geneva in the west to the region of Zurich in the east; for a detailed description of the meteorological situation, see Wannet et al. [1993] . IOP91 covered the buildup of a weak anticyclone and was confined to the region of Bern, the central part of the Swiss Plateau; it was aimed to gather a detailed cross section from the Jura Mountains to the Alps.
Instrumentation
Ground-based measurements of peroxides were made with a dual-channel instrument similar to the one described by Lazrus et al. [1986] . Ambient air at a rate of 2 L/min was drawn through a glass coil, 1.5-mm diameter times 50 cm in length, where gas phase peroxides dissolved in bidistilled water. The peroxides form a fluorescent dimer of 4-ethylphenol in the presence of the enzyme peroxidase. The dimer is detected by its fluorescence at 400 nm. To control baseline drifts, the flow injection analysis technique was used. Calibration was routinely performed with aqueous standard solutions of H20 2 assuming a collection efficiency of 100% [Heikes, 1992] . After the coil the liquid sample was split into two channels. The first channel measured H20 2 and partly organic peroxides (see below). The second one passed a small column (ID 1.5 mm, length 15 mm) filled with MnO2-coated A1203 (grain size 0.5 mm)which specifically destroys H20 2 with an efficiency > 97%, CH3OOH by only 5%, and hydroxymethyl hydroperoxide (HMHP) by 30% at most. The instrument had a detection limit of 0.1 parts per billion by volume (ppbv) and a time resolution of $ min. Measurements at the beginning of the field campaign in summer 1990 revealed that the signal of the second channel hardly exceeded the detection limit. Because of operational problems we then removed the MnO2 catalyst and measured with two channels in parallel. For the balloon cruises and especially for the motor glider we built a special low-weight to low-power diffusion denuder system (DS) with a gas phase flow injection analysis configuration [Dasgupta et al., 1988; Sigg et al., 1992a, b] . The instrument contains an automatic gas phase calibration system. This is a Henry equilibrator, consisting of a 50-cm-long microporous polypropylene tubing (Accurel) immersed in an aqueous H20 2 solution which is thermostated to 5øC by Peltier elements. The resulting H20 2 partial pressure is calculated using the data of Lind and Kok [1986] . Zero air and calibration gas enter the sample inlet tubing only $ cm after the inlet point. This configuration accounts for possible H20 2 losses in the inlet tubing• Air aspired continuously by the intake pump is alternately ambient air, zero air, or calibration gas.
The balloon monitor was constructed as a dual-channel instrument with two Nation tubes in the glass pipe of the diffusion scrubber. Similar to the coil system, one channel passed a small MnO2 column which removed quantitatively H20 2 (>98%) in the liquid stream. Because of operational problems the organic peroxide channel worked only during the third balloon cruise. Because of space and weight restrictions in the pods of the motor glider, only a singlechannel instrument could be constructed for that purpose.
The detection limit of the DS under laboratory conditions is 0.05 ppbv and the precision for ambient air with 1 ppb of H20 2 is better than 5%. The system is linear in the range 0.1-10 ppbv. Under field conditions, performance cannot be maintained at this high level, mainly due to temperature drifts. The detection limit is at 0.1 ppbv and the precision at 1 ppbv better than 10%. The coil system and the DS have been compared under field conditions and gave agreement within 10% ]. An interference of 0.4• to ozone has been determined for the DS. The accuracy of the DS critically depends on the Henry constant used to calculate the concentration of the internal calibration source.
The reported values in the literature differ by more than 30% [Staffelbach et al., 1993] , and the accuracy of the H20 2 measurement is no better than the uncertainty in the determination of the Henry coefficient.
The H20 2 measurements are subject to interference due to organic peroxides as listed in Table 2 . The sensitivity to HMHP and CH3OOH depends critically on the concentration of peroxidase and 4-ethylphenol as well as the reaction time. The coil system had a reaction time of 40 s, whereas the single-channel DS used in the light aircraft had a reaction time of only 15 s. The peroxidase concentration used was rather low. Because of these operational modes the DS The motor glider Stemme S10 VC, owned by the Swiss company MetAir, was described by Neininger and Fuchs [1994] . Chemical and meteorological instruments have been installed in two pods attached below the wings.
At some ground stations, commercially available differential optical absorption systems (DOAS) from the Swedish company OPSIS, which measured 0 3, NO2, and SO2, were used. For the NO2 measurements we determined a precision of _+0.2 ppb at an integration time of 1 min. The offset had an uncertainty of _+0.5 ppb. and Norway spruce; the concentration during descending stayed almost constant at 1.9 ppb but jumped to 4 ppb as soon as the basket of the balloon dove into the top of the trees. After we transported the basket out of the forest to a meadow, the concentration dropped to 1.6 ppb. This points to a local phenomenon, which could be explained with Concentrations increased between the two daily flights, most pronounced in the mixing layer, and also increased over the 4-day period from July 9 to 12. A statistical summary of the hydrogen peroxide measurements divided into values within and above the mixed layer is given in Table 4 . In Table 5 we give an estimate of the H202 increase in the mixed layer due to photochemical production between the two daily flights. On July 10 a strong inversion layer around 1200 m msl was present between the two flights and prevented, to a high degree, air exchange between the planetary boundary layer (PBL) and aloft. The observed increase of 1.1 ppb of the median in the PBL is therefore attributed to photochemical production. On July 11 and 12 the mixing layer grew from 1200 m msl to over 2200 m msl between flights. Entrainment of air will therefore increase the H202 concentration in the mixed layer. We assume that the median H202 value of the first flight above the mixed 9 10 11 12 1.3 i ,, The measurements at the SchQpberg site yielded peak H202 concentrations of 4-6 ppb on July 10-12, exceeding the flight data. We could not find an instrumental artifact to explain this difference. Water soluble organic peroxides produced from biogenic VOC emissions might be the cause of this observation. The SchQpberg station is situated in an agricultural area and no strong anthropogenic VOC sources are nearby.
The NO2 profile from the July 12 flight exhibits characteristic features of many of the airborne measurements. The late morning flight shows, below the inversion layer, concentrations up to about 10 ppb, whereas above it, they drop below 2 ppb. During the afternoon the concentration below the inversion layer, which by then had risen to 2200 m msl, had also decreased mostly below 1 to 2 ppb. As mentioned earlier, an overestimation of up to 1.5 ppb is possible. Temperature and water mixing ratios in the different layers were adapted to the observations. A number of gases are removed to the surface with specified dry deposition velocities (Table 6) 
Model Calculations and Comparison
Trajectory Studies
The July 24-26, 1990, period was characterized by anticyclonic conditions, clear skies, and slow easterly winds, lending some justification for a 1-dimensional modeling approach. Episodes with high ozone levels are often related to such meteorological situations. We considered a boundary layer column arriving at Schfipberg (Bern) on the evening of July 26 and estimated the transport history of that air column over the past days using trajectory analyses from Neu [Kfinzle and Neu, 1994] over Switzerland and from the Deutsche Wetterdienst over Germany. It appears from these analyses that the boundary layer column over Schfipberg on July 26 had originated over southeast Germany three days before. We computed the photochemical evolution of the boundary layer column along this 3-day trajectory assuming Harvard model the base case is more squarely in the low-NO• regime. This difference between the two models appears to reflect principally the more rapid dilution of NO• emissions in the Harvard model during daytime and the reduced 03 deposition due to restricted dilution during nighttime. H20 2 concentrations in the models are in the range of the observed values, although this agreement reflects in part the initial conditions; the simulated increase in day-to-day peak concentration in the mixed layer is in agreement with observations. For this calculation a lowdeposition velocity, 0.5 cm/s, as for ozone was used. There have been few measurements of H20 2 dry deposition velocities; however, the limited studies suggest that it is higher in a manner similar to that of HNO3. Therefore the computed increases of H20 2 reflect upper limits. Higher-deposition rates of 2 cm/s decrease H20 2 production by -0.3 ppb for the Harvard model and 0.5 ppb for the HPT-M, respectively. In this case, the HPT-M would predict no net peroxide production over 24 hours. However, at SchQpberg, increas- The values for the latter are the concentrations after the initialization run over southern Germany. Table   3 ). (Table 5 ). It is also interesting to note that on July 11 and 12, hydrogen peroxide concentrations decrease with height opposite to the model behavior. This points to a pronounced peroxide production near the surface. The photochemical regime for ozone production appears therefore to be more NOx limited than indicated by the models based on the standard emission inventory.
Flight measurements in
Summary and Conclusions
The important results of the observations were the following: (1) H202 concentrations ranged between 1 and 6 ppb. 
